Purpose The 21-gene (Oncotype DX) recurrence score (RS) assay is useful in predicting the benefits of adjuvant chemotherapy for early breast cancer patients and is widely used in Western countries. However, to date, it has not gained much popularity in East Asia. We analyzed the results from five institutions' experience from using the 21-gene assay and examined the impact of assay results on decision making of chemotherapy in Korean breast cancer patients and the associations between RS and clinicopathologic characteristics.
Introduction
Breast cancer is the second-most common cancer among Korean women and the mortality rate associated with it is increasing in Korea. The incidence of newly diagnosed breast cancer patients was 14,277, and a total of 1,868 patients died from breast cancer in 2010 [1] .
Development of systemic treatment in management of breast cancer has improved the prognosis of breast cancer patients. A proper combination of adjuvant with local therapy is essential in improving survival. However, only 4%-5% of estrogen receptor (ER) positive patients with node negative early breast cancer will benefit from adjuvant chemotherapy, and many patients are exposed to the adverse effects of adjuvant chemotherapy without significant benefits [2] .
Gene expression profiles have provided information on the prognosis and benefit prediction of adjuvant chemotherapy in early breast cancer patients. Among them, the 21-gene Oncotype DX breast cancer assay has been the most widely used. The quantitative recurrence score (RS) result from this assay ranges from 0 to 100, with stratification into low (RS < 18), intermediate (RS, 18 to 30), or high (RS > 30) risk groups, based on the estimated risk of recurrence. The assay was validated for prognostic and therapeutic significance in patients with node-negative, ER-positive early breast cancer [2, 3] . The use of RS in guiding clinical treatment decisions has been incorporated within clinical guidelines, such as American Society of Clinical Oncology (ASCO) [4] , National Comprehensive Cancer Network (NCCN) [5] , European Society of Medical Oncology (ESMO) [6] , and the St Gallen Consensus Guidelines [7] .
Although the 21-gene breast cancer assay has been widely used in Western countries, to date, it has been less popular in East Asia. In Korea, the primarily reason is because it is not covered by the national health insurance system. Benefits for cancer treatments in Korea depend on the treatment guidelines devised by the Health Insurance Review and Assessment Service (HIRA). While the current NCCN guideline incorporates the 21-gene assay for the management of ER-positive early stage breast cancer patients with nodenegative or micrometastatic nodal disease and tumor size > 0.5 cm, the current Korean national treatment guideline is based on the previous version of NCCN guidelines, which recommends adjuvant chemotherapy for node-negative ER-positive breast cancer patients with tumor size > 1 cm. Many ER-positive, node-negative early breast cancer patients are reluctant to undergo chemotherapy and are willing to avoid it if possible. For these patients, the 21-gene assay may assist in the decision process by providing information on the likelihood of benefit from chemotherapy.
The impact of the 21-gene assay on clinical practice has been evaluated in several studies in node-negative ER-positive breast cancer patients [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . These studies showed changes in the treatment recommendations in 19%-44% of early breast cancer cases. After knowledge of the assay results, many patients who had initial recommendations for chemoendocrine treatment were advised to have endocrine treatment only. The use of the assay has also been found to be cost-effective in different national health care systems [16, 19] .
We evaluated the impact of the 21-gene assay on adjuvant decision-making and the associations between RS results and clinicopathologic characteristics in Korean clinical practice for patients with ER-positive, node-negative early breast cancer.
Materials and Methods
Patients were selected via an initial record review of all ER-positive node-negative (pN0, pN0i+) or micrometastatic (pN1mi) breast cancer patients with tumor tissue analyzed by the 21-gene assay between August 2010 and July 2013 at 5 institutions in Korea (Asan Medical Center, National Cancer Center, Seoul National University College of Medicine, Samsung Medical Center, Ajou University School of Medicine). From this initial review, a total of 212 patients, who had available medical records and tumor slides, were included in this study.
The Oncotype DX assay was performed on fixed paraffinembedded tissues by Genomic Health (Redwood City, CA). After a review of hematoxylin and eosin stained slides to determine whether sufficient invasive breast cancer was present and whether manual microdissection was indicated, RNA was extracted from the unstained sections. Cases with no cancer (depleted by prior tissue studies) or with cancer cells occupying < 5% of the section area were excluded from the assay [3] . The analyses of all tissues from patients of our study were successful.
A retrospective chart review was completed on all patients in the participating five institutions for whom Oncotype DX was performed. An anonymized database was created where patients' age, tumor size, hormone receptor status, histologic type, histologic grade, nodal status, presence of lymphatic invasion, Ki-67 status, RS and treatment decision without and with knowledge of RS were registered. Pre-assay adjuvant therapy decisions were made in accordance to the institutions' guidelines, based on clinicopathologic characteristics from retrospective collected data. Although institutions' guidelines vary slightly, they were largely based on the national health insurance guidelines. Post-assay treatment recommendations were decided based on the review of Oncotype DX by each institution. However, the actual adjuvant treatment administered to each patient may differ from the recommendation, as 10 patients did not follow the entire treatment plan.
Two types of analyses were performed to determine the association of RS and clinicopathologic characteristics, as defined in the study: with RS as a continuous variable or as a discrete variable defined by low (RS, < 18), intermediate (RS, (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) , and high (RS, ! 31) RS groups. RS results between clinicopathologic characteristics were compared using the one-way analysis of variance and Kruskal-Wallis test, when appropriate. The prognostic factors between the RS category were compared using the ! 2 test and the Fisher exact test, when appropriate. The differences in the pathologic characteristics between the patients whose treatment decisions remained unchanged and those whose treatment decisions were changed were compared using the Student's t test, Mann-Whitney test, ! 2 test, and the Fisher exact test, when appropriate. Statistical significance was determined if the two-sided p-value was < 0.05.
Values are presented as mean (range) or number (%). 
Results
The average age of subjects was 46 (range, 29 to 67 years), and all patients were women. The average tumor size was 1.9 cm (range, 0.6 to 5.5 cm). One hundred eighty-seven cases are invasive ductal, seven were invasive lobular, and 18 exhibited other features. Lymph-node metastasis were absent in 192 cases and present as micrometastases in 20 cases. Lymphatic invasion was absent in 140 cases and present in 48 cases. Her2 status was negative in all cases. Ki-67 was less than 14 in 135 cases and more than 14 in 59 cases. Oncotype DX assay results showed low RS of < 18 in 132 cases, intermediate RS of 18-30 in 60 cases, and high RS of ! 31 in 20 cases. Table 1 shows the clinicopathologic characteristics.
The associations of clinicopathologic prognostic factors and RS results are summarized in Table 2 . Histologic grade, presence of lymphatic invasion, and Ki-67 showed significant correlations with the RS values; however, no statistical associations were noted between the tumor size, histologic type, and presence of micrometastasis with RS results. Table 3 shows the associations of the clinicopathologic characteristics and RS risk groups. Histologic grade, presence of lymphatic invasion, Ki-67, and presence of micrometastatsis had statistical associations with the RS risk categories; however, tumor size and histologic type did not.
Changes in treatment decisions from the assay results are summarized in Table 4 . Before knowledge of assay results, adjuvant chemohormonal therapy (CHT) would have been recommended to 150 of the 212 women (70.8%) and hormone therapy alone (HT) to the remaining 62 women (29.2%), based solely on the classical clinicopathologic factors.
Treatment decisions were changed in 115 patients (54.2%) after individual assay results were available. For 109 patients (51.4%), the initial decision was revised from CHT to HT, and for 6 individuals (2.8%), from HT to CHT. In the low RS group, treatment decisions changed for 88 of 132 patients We analyzed the differences in the pathologic characteristics between patients whose treatment decisions remained unchanged and those whose treatment decisions were changed (Table 5 ). For patients whose pre-assay treatment ODX, Oncotype DX; CHT, adjuvant chemohormonal therapy; HT, hormone therapy alone. Values are presented as mean standard deviation or number (%). HT, hormone therapy alone; CHT, adjuvant chemohormonal therapy.
decision was HT, there was a statistically higher number of histologic grade I tumors in patients whose treatment decision remained the same, when compared to the group whose treatment decisions were changed to CHT. For patients whose pre-assay treatment decisions was CHT, there were statistically higher numbers of histologic grade III tumors and lymphatic invasion, and higher Ki-67 levels in patients whose treatment decisions remained the same, than the group whose treatment decisions were changed to HT.
Discussion
To date, the experience of using Oncotype DX for Korean breast cancer patients has not been reported. Our study is the first report on the impact of this assay on treatment decision for early breast cancer patients in Korea.
Our result showed that treatment decisions changed for 54.2% of patients after the assay results were known. The most common change was from CHT to HT in 51.4% of cases. In the low RS group, all post Oncotype DX treatment decisions were HT only. In the high RS group, all post Oncotype DX treatment decisions were CHT. In the intermediate RS group, treatment decisions were HT only in 55% and CHT in 45% of the cases. There are several prospective and retrospective studies regarding the assay's impact on treatment decision of early breast cancer patients [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The studies showed that changes in treatment recommendations were in 19%-44% of early breast cancer cases. Our analysis demonstrated that treatment decisions were changed in more than half of the cases, and most of them were CHT to HT. This may have been the case because Korean oncologists had to make a treatment decision on the basis of the national treatment guideline by HIRA and tended to over-treat the patients in treatment decision making for ER-positive, nodenegative breast cancer than other countries.
In Korea, neither the national health insurance nor private health insurance covers the Oncotype DX test because the assay is performed abroad. Therefore, the cost of the test for breast cancer patients is burdensome, whether they have private health insurance or not. Although the effective antiemetic and growth factor support medications have contributed to improved tolerability of regimens, chemotherapy still has the potential short-term and long-term toxicities. In addition, empirical use of adjuvant chemotherapy in early breast cancer can also lead to substantially increased costs for patient and the health care system. The result of the present study showed that more than 50% of early breast cancer patients were able to avoid the unnecessary adjuvant cytotoxic chemotherapy.
Histologic grade, presence of micrometastases, Ki-67, and presence of lymphatic invasion were statistically associated with the categorized RS groups in this study. Several recent studies showed that specific pathologic features, such as histologic features, mitotic count, and receptor expression, correlate with the assay results [13, [20] [21] [22] [23] . Despite these correlations, the assay more accurately predicted the risk of recurrence than clinicopathologic characteristics alone [24] . Furthermore, the 21-gene signature has been the only factor to date that has shown prospective validation evidence of predicting chemotherapy benefits [2] . However, if Oncotype DX assay is not available, treatment decision can be based on these pathologic features.
One of the limitations of our study is that we used retrospectively collected data. Furthermore, all treatment decisions were made by each institute independently, and the decisions were not cross-checked by others. In addition, the data was collected from multiple centers and pathologic results were not reviewed by a central pathologist. Additional confounding factors include one patient with history of contralateral breast cancer. Finally, the clinical significance of intermediate RS tumors has not proven yet. The prospective Trial Assigning IndividuaLized Options for Treatment (TAILORx) study was designed in efforts to evaluate the chemotherapy benefits in patients with intermediate RS. The results of this study will provide more information on the benefit of adjuvant chemotherapy in patients with intermediate RS [25] .
Conclusion
Our study is the first study showing the impact of the Oncotype DX assay on treatment decisions for early breast cancer patients in Korea. The assay has a significant impact on treatment decision-making, resulting in HT for all low RS patients and CHT for those with high recurrence score results. The test reduces chemotherapy use in more than half of ER-positive, early breast cancer patients, an effect that ultimately may have favorable health-economic implications if the assay becomes more broadly available in Korea.
